Scripts included in this .pdf file:

Calls polyester to generate Wave 1 simulated data
Calls polyester to generate Wave 2 simulated data
Runs tximport an Williams= et al. data

Defines functions used to analyze simulated data
Benchmarks performance on simulated =samples
Calculates FOR on simulated samples

Benchmarks performance on Willians et al. data
Analyze results and make figures from simulated runs
Analyze results and make figures from FOR runs

Analyze DE owverlap in Rollins et al. data
Analyze DE missed by edgeR
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Analyze results and make figures from Williams et al.

runs



# Note: use branch of kcha/polyester with naive doMC support -- install wia:
# devtools::install githubi"kchas/polyester", ref =
"545e33c07Tedb2 92T a2 2c B2 FobTfde2b3081aT7")

Library({polyester)

Library({Biostrings)

Library{ daMC}

# fa = "/homesrichardm/bindSTAR-2.5.2/genomes/

Homo sapiens.GRCh37.dna.primary ascembly.fa"

# gtf = "/home/richardm/bin#/STAR-2.5.2/genomes/Homo sapiens . GRCh3T . BY . gtf"
# Note: .fa file built using gffread with 4fa and $ogtf as input, i.e.,

# gffread dgtf -g $fa gffread-GRCh3IT. A7 . fasta

# mv gffread-GRCh3T .87 .fasta gffread-GRCh37.87.fa

fasta = "Jhome/richardm/bins5TAR-2.5.2/genomes /gffread-GRCh3T .87 . fa"

T =- readDNAStringSet(fasta)

out =- ‘mstringset.fa’

writeXStringSet (¥, out)

set.seed(3220)
case =- sample{ci{4/1, 2/1, 3/2, 1/1, 2/3, 172, 1754},

gize = length{f),

replace = TRLE,

prob = cf .03, .67, .09, .7, .66, .83, .@82)
)

fold changes =- as.matriz({data.frame{case, "control® = 1}]
colnames {fold changes) =- HNULL

set.seed (3220)

1lib sizes =- c{rmorm{Z8, mean = 1.1, sd = .685],
rmormi28, mean = 8.9, sd = ,05]
I

# From polyester wignette,
# «~28x coverage "here all transcripts will hawe =-equal FPEM"
readsperts <- round{20 * width{f) S 160}

simulate experiment|
‘astringzet.fa’,
fold changes = fold changes,
num reps = {2060, 28],
fraglen = 360,
error nadel = "ilLumina4",
reads per transcript = readspertx,
# meannaodel = TRUE,
Lib sizes = 1lib sizes,
seed = 770,

#5ize = # use default HULL argument
autdir = "lo-wvar",
cores = 18

)

simulate experiment|
'#stringzet. fa',
fold changes = fold changes,
num reps = {2060, 28],
fraglen = 360,
error nadel = "ilLumina4",
reads per transcript = readspertx,
# meannaodel = TRUE,
Lib sizes = 1lib sizes,
seed = 770,

size = 1, # alternatiwve high-variance
autdir = "hi-war",
cores = 18



# Note: use branch of kcha/polyester with naive doMC support -- install wia:
# devtools::install githubi"kchas/polyester", ref =
"545e33c07Tedb2 92T a2 2c B2 FobTfde2b3081aT7")

Library({polyester)

Library({Biostrings)

Library( fareach)

Library{ daMC}

# fa = "/fhomefrichardm/bin/STAR-2.5.2/genomes/

Homo sapiens.GRCh3T.dna.primary assembly. fa"

# gtf = "/home/richardm/bins5TAR-2.5.2/genomes/Homo sapiens . GRCh3T . B7 . gtf"
# Note: .fa file built using gffread with $fa and $gtf as input, i.e.,

# qgffread 4gtf -g %fa gffread-GRCh3IT. AT . fasta

# mv gffread-GRCh37 .87 . fasta gffread-GRCh3T. 87 .fa

fasta = "Jhome/richardm/bins5TAR-2.5.2/genomes /gffread-GRCh3T .87 . fa"

T =- readDNAStringSet(facstal

aut =- ‘'mstringset.fa’

writeX5tringSet(f, out)

set.seed (3220)
case =- sample{ci{4/1, 2/1, 3/2, 1/1, 2/3, 1/2, 154},

size = lengthif),

replace = TRLE,

prob = cf . @3, .07, .89, .7, .06, .63, .02)
I

fold changes =- as.matriz({data.frame{case, "contral® = 1}]
colnames {fold changes) =- NULL

cet.ceed (B448)

1lib sizes =- c{rnormi{6@, mean = 1.1, sd = .685],
rmormiG6d, mean = 8.9, sd = ,05]

I

# From polyester wignette,
# «~28x coverage "here all transcripts will hawe =-equal FPEM"
readsperts <- round{20 * width{f) S 160}

simulate experiment|
‘astringzet.fa’,
fold changes = fold changes,
num reps = c{GG, GO,
fraglen = 360,
error nadel = "ilLumina4",
reads per transcript = readspertx,
# meannaodel = TRUE,
Lib sizes = 1lib sizes,
seed = G446,

#5ize = # use default HULL argument
autdir = "lo-wvar",
cores = 15

)

simulate experiment|
'#stringzet. fa',
fold changes = fold changes,
num reps = c{bG, GA),
fraglen = 360,
error nadel = "ilLumina4",
reads per transcript = readspertx,
# meannaodel = TRUE,
Lib sizes = 1lib sizes,
seed = G446,

size = 1, # alternatiwve high-variance
autdir = "hi-war",
cores = 15



Library({tzimport}

Library({EnsDb. Hsapiens . wBE)

txdb =- EnsDb.Hsapiens.vBG

k =- keys{txdb, keytype = "GENEID")

df «- select(txdb, keys = k, keytype = "GENEID", columns = "THNAME"}
txdgene =- df[, 2:1] # t= ID, then gene ID

for{i in c("sLFHD", "slQuasi", "starsL")}{

print{i}

files =- list.files{path = i, full.names = TRUE, recursiwve = TRLUE}
counts.gene =- txinportifiles, type = "salmon”, txdgene = txZgene)
write.csv{counts.gene, pastelii, "-twimport.csw"})



#' @Eparan counts A data.frame. The count matrix.

#' @paran group A character wector. The labels for each group.

#' @paran dir A character wector. The directory in which to save the output.
#' @gparan txdata A data.frame. The unfiltered truth set provided by polyester.
pipeline. benchmarkDE <- function{counts, group, dir, tazdata){

setwd{dir)

### FILTER COUNTS OR HOT

#

lapplyflist{"filter", "nofilter"},
functionifilt}){

if{filt == "filter"){

keep =- applyl{counts, 1, functionimi{ sumi{x = 18) = ncol{counts) 2
Bl !{anyix == B)}})

write.cevitxdatal rowmames{counts[keep, 1), 1, "truth-filter.csv")

ct =- ceilingf{as.data. frame({counts[keep, 1)1

Jelse if{filt == "mofilter®){

write.csvitxdatal rownames{counts), 1, "truth-nofilter.csw®)
ct =- ceilingi{as.data. framelcounts))
ctlct == 0] == 1

}

### RUN ALDE=2 ANALYSIS
#
lapply(list{"malr", "diglr", "iil", "ii5", "all"}), function{methaod){

lapplyflicst (8, 128), functionimc){

ifimethod == "malr"}){
malr =- whichi{tsdatalrownames{ct),]3foldchange.l == 1}
tt =- ALDExZ::aldex(ct, group, denom = malr, test = "t",
mc . camples = nc)
}else ifimethod == "ii1"){
tt =- ALDE=2: :aldex{ct, group, denom = "iglr", test = "t",
mc.samples = nc)
for{i im 1:15{
nonbE.i =- which{rownames{ct) =%im® rownames(tt[ttwi.eBH = .65,

11
tt =- ALDEx?::aldex{ct, group, denom = nonDE.i, test = "t",

mc . camples = nc)
}
}else ifimethod == "ii5"){
tt «- ALDEx?2::aldex(ct, group, denom = "iglr", test = "t",
mc . camples = nc)
for{i im 1:53{
nonbE.i =- which{rownames{ct) %im® rownames(tt[ttwi.eBH = .65,
11}
tt =- ALDEx?::aldex{ct, group, denom = nonbE.i, test = "t",
mc.samples = nc)
}
}else{
tt «- ALDEx?2::aldex(ct, group, denom = nethod, test - "t",
mc.samples = nc)

}
write,cev(tt, file = pastedffilt, "-°, method, "-", mc, "-tt.cew"})
# Sawve ALDE=Z MA plot
#pnglpacted| filt, "-", method, "-", nc, "-MA-B5.png"})
#ALOEx2: aldex.plotitt, type = "MA", cutoff = .G5)
#dev.off()
3



FEF
### RUN edgeR ANALYSIS
#

y =- edgeR::DGEList{counts = ct, group = group)

y =- edgeR::calcNormFactaors(y)

y =- edgeR::estinateCommonDisp(y)

y =- edgeR:;estinateTagwicelispiy)

et «- edgel: exactTest(y)

tt =- as.data.framel(edgeR::topTagsiet, n = nrowiet)))
write.cswitt, file = pasteb{filt, "-edgeR-tft.csw"})

# Sawve edgeR MA plot

#debenes =- rownames(tt)[tt4FOR =< .65]

#png ipastel(filt, "-edgeR-MA-B5.png" ]}

#edgeR: ;plotSmeariet, de.tags = deGenes, cex = 8.5)
#dev.offi )

#

FEF

### RUN DESeq2 ANALYSIS

#

frame =- data.frame{group, row.names = colnames{ct))

dds =- DESeqd::DESeqlataSetFromMatrixicountbata = ct, colData = frame,
design = -~ group)

dds =- [DESeq?::DESeq(dds)

tt =- as.data.frame(DESeq2: : results(dds))

ttdpadjlis.na(ttdpadjj] =- 1

write. csv(tt, file = pactef{filt, "-DESeq2-tt.czw"})

# Sawe DESeq?2 MWA plot
#png (pasted (filt, "-DESeq2-MA-85.png"i)
#DESeq2: plotMA(dds, alpha = @.85)

#dew.off()
#
i
H
®
FRE

1

#' @paran dir A character wector. The directory in which to save the output.
pipeline. summarizelE =- function{dirji{

setwd{dir)

# Load No-Filter and Filter truth =ets
truth.nafilter =- read.cswi"truth-nofilter.csv", row.names = 1]
truth.filter =- read.cevwi "truth-filter.csv", row.namec = 1}

files =- list.files{pattern = "*tt"}
observed =- Lapply{files, function(f) read.cswif, row.names = 1}]
namesi{observed) =- files

5 == Lapplyifiles, function(f){

##% SORT RESULTS BASED OW TRUTH SET

#

res =- observed[[f]]

if{grepl{"nofilter", f)){ truth =- truth.nofilter
lelse{ truth =- truth.filter }

res =- res[rownanez{truthj,]

ifi{grepl{ "edgeR", f)}{ padj =- "FOR"

Yelse if(grepl{"DESeq2", f)){ padj =- "padj"
lelse{ padj =- ci{"we.eBH", "wi.eBH"} }

#

FEE



## TRY TO0 CALCULATE SENSITIVITY AND SPECIFICLITY
#

lapplyipadj, functioni{m){

obs =- rownamesiresi[res[, m] = .65]
all =- rownamesi{truthj
tru =- rownamesi{truthi[truth&bEstatus.1]

% =- all %in% obs
y == all %ims tru

ifisum(m]) == @)4

precision =- HA
recall =- HA

lelse]

conf «=- table(x, y)

precizion =- conf["TRUE", "TRUE®] / {conf["TRUE", °"FALSE"] + conf["TRELE",
"TRUE"]])

recall =- conf["TRUE", "TRUE"] ¥ {conf["F&LSE", "TRUE"] + conf["TRUE",
"TRUE"])

}

data. frame{"b" = basename(getwd{}), "f" = f, "'m" = m,
"p" = precision, "r" = recall,
"all.obs" = nrowi{res),
"all.tru® = nrow{truthj,
"obs" = sumnfx},
"tru" = sumnfy})

i

#

ey
H

g =- do.call{ "rbind", lapply{s, function{o) do.call{"rbind", o)}
write.csvi{s, "summary.csv")
returnis}

1

#' @paran dir A character wector. The directory in which to save the output.
pipeline. summarizeFDR =- function{dir){

setwd({dir)
files =- list.files{pattern = "*tt"}

observed =- Lapply{files, function(f) read.cswif, row.names = 1}]
namesi{observed) =- files

s =- lapply(files, function(f){
### SET P-VALUE COLUMNES)
1;5 =- observed[ [f]]
if{grepl( "edger", f)i{ padj =- "PValue"
lelse if(grepl{"DESeq2", f)){ padj =- "pwalus"
Yelse{ padj =- ci{"we.ep®, "wi.ep"}) }
-
##% CALCULATE FDR
TappLy[padj, functioni{mj{

obs =- sumnfres[, m] = .65}
all =- nrowires)



data. frame{"b" = basename{getwd{}), "f" = f, "'m" = m,
"obe" = phs, "all" = gll, "fdr" = obsfall}

h

#

FEE
h

g =- do.call{ "rbind", lapplyi{s, function{o) do.call{"rbind", o)}
write.csvis, "summary.csv")
returnis}



#6% INSTALL THESE PACKAGES AND SET WORKING DIRECTORY

#FALOEx2 -- from Bioconductar
#edgeR -- fron Bioconductor
#DE5eq2 -- from Bioconductor
#tecstthat

#Fpropr

#plyr

#doMC

Library{ daMC}
registerbDoMCicores = 36}

wd =- "Jhomefquinnt/rds-collection-mount/4nalycsis-Benchmark/bench-sinulated- rev/"
“%4%" =~ function({a, b) pastedia, bl
sourcefwd %+% "l-bench-pipeline.R"}
NFEATS =- 1@08@

NBOOTS =- 20

#4% DELETE THESE AFTER DE.BUGGING

#regicsterDoMCi{cores = 2]

#wd =- "Shomesthom/Downloads/bench-sinulated - revs"
#source(wd %+% "l-bench-pipeline.R")

#NFEATS =- 160

#HBOOTS =- 3

###.HUH THE FDLLDHIHE AEIIE -- IHHDHT DATA

setwd {wd )

groupdata =<- read.tablef{wd %4% "sim infofsim rep info.txt", stringsAsFactars =
FALSE)

groupdatagrep id =- nake.nanes{groupdatag$rep id, unique = TRLUE)

groupl =- which(groupdatadgroup == 1}

groupd =- which(groupdatadgroup == 2}

txdata =- read.table("sim infossim tx info.t=t", stringsAsFactors = FALSE]
rows.clean =- unlisti{lapplyi{strsplit{t=datal,1], ".%s"), functioni=x} =[1]})
rownames (txdata) =- rows.clean

# Step through transcript-Level files {i.e., not stst)

Files =- list.files{"sim counts", full.names = TEUE}

index.sin <- grepl{"=zim ", bacename{filez)) & lgrepl{"st=t ", basenane{files))
files =- files[index.sim]

# Force equivalent row arder

counte <~ lapply{files, function(xz) read.csvix, row.names = 1}]
allirownames (counts[[1]]1) ®in% rownames (txdatal)

counts =- lapplyfcounts, function{x) =[ rownanes{t=zdata), 11

names{counts) =- gsub{".csv®, , basename{files))

for{i in 1:Llengthi{counts})iq
colnames{counts[[i]]) =- ogsub{® quant.sf", """, colnames{counts[[i]])}
if{lall{colnanes{counts[[i]]) %ir% groupdata%rep id)) stop()
counts[[1]] =- counts[[i]1[. groupdatadrep id]

}

for{i in 1l:length{counts)j{
for(j in 1l:lengthi{counts)ji{
testthat:expect equall
nrowicounts[[1]1]).
nrow{counts[[711})
I
}
1

for{i in 1:Llengthi{counts})iq



for{j in 1l:length{counts)j{
testthat:expect equali
colnames{counts[[i1]1).
colnames{counts[[{11)
I
}
}

for{i in 1l:length{counts)j{
for{j in 1:length{counts})){
testthat:expect equall
rownames{ counts[[1]1]).,
rownames {counts[[{]1]1)
I
}
1

### RUN THE FOLLOWING A5 IS -- BENCHMARK METHODS

grid =- expand.grid{ "file" = gsub{".csw", "", bazename(files)},
N = ci2, 3, 5, 16, 28),
stringsAsFactors = FALSE)

foreach{i = 1:nrowigrid)}) =dopar® {

# Set directory to bench-simulated-rew/filesN
setwd(wd )

systemi"mkdir " w+% grid[i, "file"]})

dir =- paste{grid[i,], collapse = "/"}
system{"mkdir " S+% dir)

setwd(wd %+% dir)

p =- Lapply(1:NBOOTS, function(b){

# Set directory to bench-simulated- rev/file/HN b
setwd{wd %+% dir)

system("mkdir " %+% b)

setiwd(wd 2+% dir =+% /" %+% b)

f < grid[i, "file"]
n = grid[i, "N"]

set.sead(b)

sample. tx =- cample(rownames (txdatal, NFEATS) # character
sample.gl =- cample(groupl, n) # nuneric

sample.gd =- campleigroup?, n} # nuneric

counts.b =- counts[[f]][sample.tx, c{zample.gl, sample.g2}]
group.b =- cirepi{"A", n), rep{"B", n}}

pipeline. benchma rkDE(counts.b, group.b, oetwd(), t=data)
pipeline. sunmarizelE{getwd(] )

h

setwd(wd %+% dir)

p =- do.call{"rbind", p}

p =- suppressWarnings{cbind{grid[i,.]. pl)
write.csvip, file = "performances.csv")

1

setwd (wd )

p =- list.files(pattern = "performances.cs=v", recursive = TRUE, full.names = TRUE}
p =- lapplyip, read.csv]

p =- do.call{"rbind", p}

write.cswip, "bench-simulated- rev-0UT.csv")



#6% INSTALL THESE PACKAGES AND SET WORKING DIRECTORY

#FALOEx2 -- from Bioconductar
#edgeR -- fron Bioconductor
#DE5eq2 -- from Bioconductor
#tecstthat

#Fpropr

#plyr

#doMC

Library{ daMC}
registerbDoMCicores = 8}

wd =- "Jhomefquinnt/rds-collection-mount/4nalycsis-Benchmark/bench-sinulated-fdr/"
“%4%" =~ function({a, b) pastedia, bl
sourcefwd %+% "l-bench-pipeline.R"}
NFEATS =- 1@08@

NBOOTS =- &

#4% DELETE THESE AFTER DE.BUGGING

#regicsterDoMCi{cores = 2]

#wd =- "Shomesthom/Downloads/bench-sinulated - fdrs"
#source(wd %+% "l-bench-pipeline.R")

#NFEATS =- 160

#HBOOTS =- 3

###.HUH THE FDLLDHIHE AEIIE -- IHHDHT DATA

setwd {wd )

groupdata =<- read.tablef{wd %4% "sim infofsim rep info.txt", stringsAsFactars =
FALSE)

groupdatagrep id =- nake.nanes{groupdatag$rep id, unique = TRLUE)

groupl =- which(groupdatadgroup == 1}

groupd =- which(groupdatadgroup == 2}

txdata =- read.table("sim infossim tx info.t=t", stringsAsFactors = FALSE]
rows.clean =- unlisti{lapplyi{strsplit{t=datal,1], ".%s"), functioni=x} =[1]})
rownames (txdata) =- rows.clean

# Step through transcript-Level files {i.e., not stst)

Files =- list.files{"sim counts", full.names = TEUE}

index.sin <- grepl{"=zim ", bacename{filez)) & lgrepl{"st=t ", basenane{files))
files =- files[index.sim]

# Force equivalent row arder

counte <~ lapply{files, function(xz) read.csvix, row.names = 1}]
allirownames (counts[[1]]1) ®in% rownames (txdatal)

counts =- lapplyfcounts, function{x) =[ rownanes{t=zdata), 11

names{counts) =- gsub{".csv®, , basename{files))

for{i in 1:Llengthi{counts})iq
colnames{counts[[i]]) =- ogsub{® quant.sf", """, colnames{counts[[i]])}
if{lall{colnanes{counts[[i]]) %ir% groupdata%rep id)) stop()
counts[[1]] =- counts[[i]1[. groupdatadrep id]

}

for{i in 1l:length{counts)j{
for(j in 1l:lengthi{counts)ji{
testthat:expect equall
nrowicounts[[1]1]).
nrow{counts[[711})
I
}
1

for{i in 1:Llengthi{counts})iq



for{j in 1l:length{counts)j{
testthat:expect equali
colnames{counts[[i]1]1),
colnames{counts[[{11)

|
1

1

for{i in 1l:length{counts)j{
for{j in 1:length{counts})){
testthat:expect equall
rownames{ counts[[1]1]).,
rownames {counts[[{]1]1)
I
}
1

### RUN THE FOLLOWING A5 IS -- BENCHMARK METHODS

grid =- expand.grid{ "file" = gsub{".csw", "", bazename(files)},
N = ci2, 3, 5, 16, 28),
stringsAsFactors = FALSE)

foreach{i = 1:nrowigrid)}) =dopar® {

# Set directory to bench-simulated-rew/filesN
setwd(wd )

systemi"mkdir " w+% grid[i, "file"]})

dir =- paste{grid[i,], collapse = "/"}
system{"mkdir " S+% dir)

setwd(wd %+% dir)

p =- Lapply(1:NBOOTS, function(b){

# Set directory to bench-simulated- rev/file/HN b
setwd{wd %+% dir)

system("mkdir " %+% b)

setiwd(wd 2+% dir =+% /" %+% b)

f < grid[i, "file"]
n = grid[i, "N"]

# ALL SAMPLES COME FROM SAME GROUP

set.seed({h)

sample. tx <- cample(rownames (texdatal, NFEATS) # character
sample.gl =- =samplei{groupl, n * 2} # numeric

#cample.g? =- sanplelgroup?, n) # numeric

counts.b <- counts[[fl]l[sample.tx, c(=zample.gl)]
group.b == cirepi{"A", nl, repi{"B", n})

pipeline. benchmarkDE{counts.b, group.b, ogetwd(), t=zdatal
pipeline. sunmarizeFOR(getwd( )]

h

setwd{wd %4+% dir)

p =- do.call{"rbind", p}

p == suppressWarnings{cbind(grid[i,,], pl}
write.csvip, file = "performances.csv®)

1

setwd(wd )

p =- list.files(pattern = "performances.csv", recursive = TRUE, full.names = TRUE}
p =- lapply({p, read.csv)

p == do.call{"rbind", pl

write.cswi{p, "bench-simulated-fdr-0UT.csv")



Library{doMC}
registerbDoMCicores = 5) # anly need 5§ cores

# Working directory containg "counts/gene" and “counts/tx" folders:
wd =- "JhomeSquinnt/rds-collection-mount/Analysis-Benchmark/bench-williams- rev,/"

#

Conversion table {(from Williams 20817):

convertTable =- "conversion fgs.t=t"

#

Microarray reference {(from Williams 2017):

microarrayReference =- "12850 2016 1457 MIESHZ ESH.xlsx"

#

Uese meta-data to assign group labels (from Willians 26817}

meta == read.delim{"bench-willians-meta.txt")
grp =- substrias.characteri{netajlibrary Name =), 1, 3}

#

Figure table (from Williams 2017):

fig.file =- "12859 2816 1457 MOESME ESM. =xlsx®

#I
#I
#I
#I
#I
#I

Fead Gene Expression Data Files

This function [a) reads in gene expression data filezs and
(b] enzures equivalent row and colunn names.

HOTE: Remoye 1:588@ subset later

getlounts <- function{files){

# Read files into R
counts =- lapply{files, function(=) read.csvix, row.names = 1}]

# Special handling for tximpart data
counts =- lapplyfcounts, function{x){
iffanylgrepl{"counts:%. ", colnames{x}))i{
%[, grepl{"counts'%.", colnamesix))]
lelse{
X
1
h

# Ensure all data sets hawe the came feature names
feats.int =- rownanesi{counts[[1]]])
for{i in 1l:length{counts)j{

feats.int =- intercectifeats.int, rownames {counts[[i]1])])
}

counts =- lapplyfcounts, function{x) =[feats.int, 1}

# # Renove later

#zet . seed( 1)

#short =- samplefnrow({counts[[1]1]13[1:50064]
#counts =- lapply{counts, function(x) =[short,]]

for{i in 1:length{counts}){
for{j in 1:lengthi{counts)i{
testthat::expect equal(
nrowlcounts[ [1]1]1),
nrowlcounts[[j11)
1
}
1

for{i in 1l:lengthi{counts)i{
for{j in 1:length{counts)i{
testthat:expect equal(



ncol {counts[ [1i]1]),
ncol {counts[[§11)

|
}
1

for{i in 1:length{counts}){
for{j in 1:length{counts)i{
testthat::expect equal(
rawnanesf{counts[[i11),
rownanes{counts[[§11)

|

}
1

return{counts j

1

#' Run edgeR as per Williams 2017
edgef . williams =- functioni{expMat, group, method){

Library({edgeR)

ye-DGEList (counts=expMat, group=group)
ye-calcNormFactors (y)

# Filter for counts present in half the samples, on cpn data
cutoffe-ncol{expMat) 2

keep =- rowSuns(cpniy)=1) == cutoff

y == ylkeep, , keep.lib.sizes=FALSE]

## Recalculate norm factors after filtering
ye-calcNormFactors (y)

y=-gstimateConmonDispiy)
ye-gstimateTagwiselisp(y)
et<-ewactTest (v
adjp=-topTags (et,n=nrowiy))

returniadjpl
}

#' Run DESeq? as per Williams 2017
DESeqd .willians =- functioni{expMat, group, method){

# DESeq? requires integer input
expMat =- ceiling(as.data.frame{expMat))

frame «<- data.frame{group, row.names = colnanecz(expMat)]

dds =- DESeg?: :DESeqlataSetFromMatrix({countData = expMat, collata = frame,
design = = group)

dds =- OESeq2: :DESeq(dds)

tt =- as.data. frame{DESeq2:: resulteidds))

ttdpadjlis . naittfpadji] =- 1

colnames{tt)[colnanes{tt) == "padj"] =- "FOR"

returni{tt)
}
#' Fun ALDE=2
#I

#' Uses "wi.eBH' as the "FDR" column
ALDEx2 .willians =- functionict, group, nethod){

ctlct == O] =- 1
ct =- ceilinglas.data.framef{ct))

ifimethod == "1i1"){



tt «- ALDEx2::aldex({ct, group, denom = "iglr", test = "t", nc.samplez = 128,
effect = FALSE)
forf{i in 1:13{
nonbE.1 =- which{roenamesi{ct) %in% rownamesi{tt[ttfwi.ecBH = G5, 1)}
tt «=- ALDEx?2::aldex(ct, group, denom = nonbE.i, test = "t°, mc.samples =
128, effect = FALSE]

1
lelse if(method == "iiG°){
tt «- ALDEx2::aldex({ct, group, denom = "iglr", test = "t", nc.samplez = 128,
effect = FALSE)
for{i in 1:5){
nonbE.1 =- which{roenamesi{ct) %in% rownamesi{tt[ttfwi.ecBH = G5, 1)}
tt «=- ALDEx?2::aldex(ct, group, denom = nonbE.i, test = "t°, mc.samples =
128, effect = FALSE]
1
lelse{
tt «- ALDEx2::aldex({ct, group, denonm = method, test = "t", nc.samplez = 128,
effect = FALSE)

1

# Use wi.eBH column for FOR
#ALDEx2: :aldex.plotitt, type = "M&", cutoff = .65}
colnames{tti[colnanes{tt) == "wi.eBH"] =- °"FOR"

returnitt)
1
#' Conwert ENSG and/or ENST to Symbol
#I

#' Uses 'conwersionTable' as prowvided by cckimd7.
convertToSymbol =- functioni{adjp., conwersionTable)q{

iff{alligrepl{ "ENSG", rownames{adjpli)i{
compType =- "gene"
messagel"Converting gene ID to SYHBOL.")
}else{
compType <- "t
message("Converting transcript ID to SYMBOL.")

## Merge gene name information into results
if{compType == "gens"}{
resSymbol=-nerge(adjp,conversionTablel, c{ "ENSG", "geneNams")],
by.x="row.names ", by.y="ENSG"}
colnames (resSymbol) = c("ENSG",colnames { resSymbal[2: lengthi resSynbal)]) )
1 else{
resSymbol=-mnergel(adjp,conversionTable, by.x="row.names", by.y="ENST"}
colnames {resSymbol) = c{"ENST",colnames{resSymbol[2:length{ resSynbaol)])}

1

return | resSymbal)

1

#' Get Gene Universe for Wicroarray Reference

#I

#' We must filter gene symbols through the intersection
#' of the RNA-5e2q and microarray data sets. This changes
#' For each nicroarray reference!

getniverse =- function{id, rnaseqset){

Library(AnnotationDbi)

# Llapply(c(®"int-Frank", "intHaniffa®", "int-Ingersoll", "int-Wong"}
if{id == 1)}{ # int-Frank

message("int-Frank"}

# GPLSTA [HG-U1323 PLus 2] Affymetrix Human Genome U133 Plus 2.0 Array
library{hgul33plus2.db}

db =- hgul33plus2.db



lelse if(id == 2){ # int-Haniffa

message("int-Haniffa")

# GPL18558 Tllumina HumanHT-12 W4.8 exprecsion beadchip
Library{illuminaHumanv4. db)

db =- illuminaHumanwv4.db

lelse if{id == 3}{ # int-Ingersoll

message("int-Ingersall")

# GPLSTA [HG-U133 PLus 2] Affymetrixz Human Genome U133 Plus 2.0 Array
library{hgul33plus2.db}

db =- hgul33plus2.db

lelse ifi{id == 4){ # int-Wong

message("int-Wong")

# GPLE1RZ  Illumina human-6 2.0 espression beadchip
Library{illuminaHumanv2. db)

db =- illuminaHumanv?.db

1

® =- select(db, keys = keysidb, "PROBEID"), column = "SYHBOL", keytype =
"PROBEID )

microarrayset =- uniqueiz[!is. na(=%5YHBOL), "SvYMBOL"])

messagel"Microarray contains:", length{unigueimicroarrayset)))

messagel "ANA-5eq contains:", lengthiuniguei{rnasegset)})

i =- interzecti{microarrayset, rnasegset)

messagel"Intersection:”, length{uniguef{i}})

returnii}

}
pipeline =- function{counts, grp, func, method, titlej{

# (1) Run DE analysze:
de =- lapply{counts, func, group = grp, method = method)

# (2] Use Conversion table to Conwvert to common names
conversionTable =<- read.table{convertTable, header = TRUE]
de.symbol =- lapplyi{de, conwertToSymbol, conwversionTable = conwersionTable)

# (31 Pull in microarray reference {i.e., genec selected as significant)
sheets <- c("int-Frank", "int-Haniffa®", "int-Ingersoll®, "int-Wong®)
intersects =- lapply(sheets,

Ffunctionis) as.data.frame(
readxl:: read excel (nicroarrayReference, cheet = s)1)[,1]]

# (4) Precision and recall -- for each microarray reference
# (4.a) Filter microarray reference and RNA-Seq

# "we first filtered each reference and

# RMNA-5Seq gene cet to include only features measurable

# both by RMA-5eq (i.e., present in the GRCh3T genome

# release) and by the microarray (i.e., a probe targeting the
# feature was present on the microarray platform) within a

# given comparican’

aut =- lapplyide.symbol, function{de}l

# For each RNA-5eq data set, mowve through each nmicroarray data set. ..
lapply(l:length{intersecte), function(ij{

# MUST FILTER BEFORE PULLING OUT SIGNIFICANT SYMBOLS
# Get i-th microarray gene universe
UNLOWSET =- getUniverse(i, rnasegset = del, "genslame"])

# PULL OUT SIGHIFICANT SYMBOLS
sigSymbols =- function{x, col.fdr = "FOR", col.symbol = "genelame"){
as.character{uniguef=[=[, caol.fdr] = .85, col.symbaol] )}



}
de.fdr =- sigSymbols{de, col.fdr = "FOR", col.symbol = "genelam=")

messagel| "Total probes:", nrow{de})
message| "FOR probes:", lengthide.fdr})

ref =- intersects[[i]]
1 == Listi
‘de.fdr" = de.fdr[de.fdr =in% UNIONSET],
"ref" = ref[ref min% UNIONSET]
1
1)
i

}
# (4.b) Calculate precision and recall for each microarray reference
# "Recall was calculated as the number of signifi-
# cant genes in the intersection of the test RHA-Seq dataset
# with the reference dataset, divided by the number of genes
# identified as significant in the reference dataset."
# "Precision was calculated as the number of significant genes in the
# intersection of the test RNA-Seq datazet with the refer-
# ence dataset, divided by the number of genes identified as
# significant in the test RMA-5eq dataset.®
precision =-
lapply{out,
function{ao) sapplyla, function(=z) Lengthiintersect{x[["de.fdr"]1], =
[["ref"11)) f Lengthi=z[["de.fdr"11}}1)
recall =-
lapply{out,
function{ao) sapplyla, function(=z) Lengthiintersect{x[["de.fdr"]1], =
[0"ref"110) F Lengthix[["ref"]1}))

# (4.c) Average precision and recall

# "Here, we have depicted

# our results using performance metrics averaged across all
# four references;’

precision.mean =- lapply{precision, mean)

recall.mean =<- lapply{recall, nean)

# Compile data

data.frame|
file = c(filec.gene, files.tx],
OE = title,
type = sapply(counts, function(=) ifelsel{grepl{"ENSG", rownames(x)[1]},

"gene", "tx"}),

FrankPrecision = sapplyiprecisiaon, functionix) =[1]),
HaniffaPrecision = sapply(precision, function{=) x[2]1).
IngersolPrecisionl = sapplyi{precision, functioni=) =x[3]),
WongPrecision = zapply{precision, function(=) =[4]],
fdveragePrecision = unlist{precision.mean),
FrankRecall = =zapply{recall, function{=} =[1]}),
HaniffaRecall = =zapplyi{recall, functioni=) =[2]},
IngersollRecall = zapply{recall, function{=) =[3]}),
WongRecall = capply({recall, function{x) x[4]1),
AverageRecall = unlist{recall.mean)

files.gene =- List.files(|"counts/ gene”, full.names = TRUE]
files. tw =- list.files({"counts/tx", full.names = TRUE}

counts =- cigetCountsi{files.gene), getCountsifiles.tx))

foreach{run = 1:5) =doparz {
# if{run == 1}4
##
# out.edgeR =- pipelinei{counts, grp, edgeR.williams, title = "edgeR")
# write.csviout.edgeR, "bench-edgeR.csv")



[

ifirun == 25{

out.clr =- pipeline(counts, grp, ALDEx2 williams, title = "clr®, method =

P

!

=

write.csviout.clr, "bench-clr.cswv®)
1
ifirun == 334

out.igqlr =- pipeline{counts, grp, ALDEx2 .williams, title = "iglr®, method =

Ir")
write.csviout.iglr, "bench-iglr.csv")

[

[

ifirun == 4j{

out.iil =- pipeline(counts, grp, ALDEx2 williams, title = "iil", method =

A T S E LT

=
et

write.ceviout.iil, "bench-iil.csv®)

gt

firun == 5j{
out.DE5eq2 =- pipelinef{counts, grp, DESeq2.williams, title = "DESeq2")
write.csviout.DESeq2, "bench-DESeq2.csv")

}



df =- read.csvi
"fhomefthom/Dropbox/R/ projects /manuscripts /benchmark/1-sims/bench-sinulated- rey-
ouT. cew",

}

dfsfilter
dfémethod

stringsfAsFactors = FALSE

=- unlisti{lapply{strsplit(df$f, "-"), functioni=z) =[1]
=- unlist{lapply{strsplit{df$f, "-"), functioni=x) =[Z]

1
1

df$method =- ifelse{df&tmethod == "z1L1°, "clr', dfémethaod)
dfimethod =-
factar{dfimethod,
Levels = ci'edgeR", "DESeqg2", "clr", "iglr®, "malr", "1i1", "iiG"}}
dfgmc =- unlist(Lapply({strsplit{dfef, "-"), functionix) =[3]))
dfgdata =- unlist{lapplyistrsplit{dfefile, " "), functioni=} =[2]}]
df$process =- unlist(Lapplyistrsplitidf$file, " |fout)"), functionix) =[3]1}])
# (A) Statistical tests for filter, mc, m, etc.
# across 3000 = 20 B, 5 n, 3 proc, 2 filters, and 5 lrs
t.testi{df[dfidata =— "1v" B dfim == "wi.eBH" & dfgmc == 8, "r"],
df[dffdata == "1v" & dfém == "wi.cBH" & dfgmc == 128, "r°]}
t.testi{df[dfedata == "1v" B df$m == "wi.eBH" & dfdémc == 8, "p"].
df [dffdata == "1v" & dfim == "wi.eBH" & dffmc == 128, "p°l)
# across 3000 - 280 B, S5 n, 3 proc, 2 , nce, and 5 lrs
t.testi{df[dfedata == "1lv" B dfim == "wi.=BH" & dfffilter == "filter", "r"],
df [dffdata == "1v" & dfim == "wi.eBH" & df$filter == "nofilter”, "r"]1}
t.testi{df[dfedata =— "1lv" & dfim == "wi.eBH" & dfffilter == "filter", "p"l,
df[dffdata = "1v" & dfim == "wi.=BH" & df$filter == "nofilter", "p"1]
# across 300 = 20 B, 5 n, 3 proc
t.testi{df[dfidata =-— "1v" & dfimethod == "edoeR" & dfefilter =— "filter", "r"],
df[dffdata = "1v" & dfimethod == "edgeR" & dfeéfilter = "nofilter”, "r"l1
t.testi{df[dfedata == "1v" & dfimethod == "edoeR" & dfefilter == "filter", "p"1,
df[dffdata == "1v" & dfimethod == "edgeR" & dfefilter == "nofilter”, "p"l]
# across 300 = 20 B, 5 n, 3 proc
t.testi{df[dfedata == "1lv" & dfimethod == "DESeq2" & df§filter == "filter", "r'l,
df[dffdata == "1v" & dfimethod == "[ES5eq2" & df$filter == "nofilter”, "r"])
t.testi{df[dfdata =-— "1v" & dfimethod == "DESeq2" & dfffilter == "filter", "p'l,
df[dffdata = "1v" & dfimethod == "[ES5=q2" & df$filter == "nofilter”, "p"l)

# across GO = 28 B, 3 proc

Lv =- df[dffdata == "Lv" & dffm != "we.eBH" & dfffilter == "nofilter® & dffpc =

g,

]

Library{plyr}

pwal =- Lldplyfunigque{lw$N), functionin){

Ldply{uniqueflvEmethod), functioniml){
ldply{uniquef lvinethod) , functionim2){

h

ifiml '= m2j{

a == Iw[lviN == n & Lvémethod
b = Tw[lydN == n & Lwvémethod

pp =- tryCatchit.test{a, bi%p.

a == Iw[lviN == n & Lvémethod
b = Tw[lydN == n & Lwvémethod

rp =- tryCatchit.test{a, bi%p.

data.framein, ml, m2, pp. rp)

}
h
H

==ml, "p"]
== m2, "p"l]
value, error = functionie)

==ml, "r"]
== m2, "r"]
value, error = functionie)

# across 210 = 7 methods, 6 methods, 5 n

pval[pvalgn == 5,]

pvallpvaldn == 16,]

returni Ha) )

returni Ha) )



peal[pwvaldn == 20,]
# (B) Pre-process data for plots

df .prec =- dfip

df .reca =- dfgr

df =- rbind{df, df}

df$Amount =<- cidf.prec, df.reca)

dfg§Type =- cirep{"Precizion”, nrow(df)/2}, rep{"Recall", nrow{df)/2}}

# (C) Prepare plot functions

pOEMethod =<- function{df, title){
ggplotidata = df, aesi{x = method, ¥ = Amount, color = as.factorimethod)}) +
geom boxploti) + facet gridiType = N} +
theme bwi) + ylim{&, 1) +
#lab{"Differential Exprescion (DE) Method") + ylab{"Performance") +
labs{color = "DOE Method®™) +
scale colour breweripalette = "Setl") +
ggtitle(title) +
geom_hline{data = df[df4Type == "Precision®,], aes{yintercept = .0O5}) +
theme(axis.text.x = elenent texti{angle = 96, hjust = 1})

1

pProcess =- function(df, title){
ggplotidata = df, aes{x = method, ¥ = Amount, color = as.factor(N))) +
geom point{) + facet grid(Type = process) +
theme bwi) + ylim{&, 1) +
wlab({"Differential Exprescion (DE) Methad") + ylab{"Performance") +
labs{color = "Sanple Size") +
scale colour breweripalette = "Setl") +
ggtitle(title) +
geom_hline{data = df[df4Type == "Precision”,], aes{yintercept = .0O5)) +
theme(axis.text.x = elenent texti{angle = 96, hjust = 1})

}
# (D) Plot wi.eBH data
Library{ggplot)

FEE
# FIGURE 1:
jpegl” homesthon/Dropbox /RS projects/manuscripts/benchmarky/1-sims/figl. jpa",

width = 168, height = 16, unite = "in", res = GAG)
pOEMethodi{df[dfsm != "we.eBH" & dffmc != B & dfifilter == "nofilter” & dfidata =-
"1,

"Differential Expression Performance using a Simulated Reference (Low

Variance Data)")
dev.aff{l

FRE
# FIGURE 2:
jpeg(" shomesthan/Oropbox/Rfprojecte/manuscriptesbenchmarkys1-sims/fig2. jpa",
width = 18, height = 16, units = "in", res = GAG)
pProcess(df[df4m !'= “we.eBH" & dfgmc !'= 8 & dfffilter =— "nofilter" & dftdata =
"W,
"Differential Exprescsion Performance using a Sinulated Reference (Low
Variance Data)")
dev.aff(})

FEE
# FIGURE 3:
jpegl” shomesthon/Dropbox /RS projects/manuscripts/benchmarky/1-sims/fig3. jpa",
width = 168, height = 16, unite = "in", res = GAG)
pOEMethod{df[dfsm != "we.eBH" & dffmc != B & df$filter == "nofilter” & dfidata ==
"hv'" 1,
"Differential Expression Performance using a Simulated Reference (High
Variance Data)")
dev.aff(l



# (E) Plot wi.eBH data

FRE
# SUPP 1:
jpegl” homefthon/Dropbox /RS projecte/manuscripts/benchmarky/1-sims/supl. jpg",

width = 18, height = 16, units = "in", res = GAG)
pOEMethod{df[dfdsm != "wi.eBH" & dffmc I= B & dfifilter == "nofilter” & dfidata =-
", 1,

"Differential Expression Performance using a Simulated Reference (Low

Variance Data) [we.eBH column]")
dev.aff(})

FRE
# SUPP 2:
jpeal" homesthon/Dropbox/Réprojects/manuscripts/benchmarky/1-sims/sup2. jpa",
width = 168, height = 16, unite = "in", res = GAG)
pProcess(df[df4m !'= "wi.=BH" & dfgmc != 8 & dfgfilter = "nofilter" & dftdata =
"1,
"Differential Expression Performance using a 5Sinulated Reference (Low
Variance Data) [we.eBH column]")
dev.aff(l

FRE
# SUPP 3:
jpeg(" shomesthon/Oropbox/Riprojecte/manuscriptesbenchmarky/1-simssupd. jpa",
width = 18, height = 16, units = "in", res = GAG)
pOEMethod{df[dfsm != "wi.eBH" & dffmc I= B & dfifilter == "nofilter” & dfidata =-
"hv'", 1,
"Differential Expression Performance using a Simulated Reference (High
Variance Data) [we.eBH column]")
dev.aff(})



df =- read.csvi
"fhomefthom/Dropbox/R/ projects /manuscripts /benchmark/2-fdr/bench-simulated-fdr-
ouT. cew",
stringsfAsFactors = FALSE

}

dff§fdrliz.na(dfsfdr)] =- @
dfgfilter =<- unlict{lapplyl{strsplitidf$f, "-"), functioni=) x[1]
dfgmethod <- unlicst{lapply{strspliti{df$f, "-"), functioni=) x[2]
dfdmethod =<- ifelee{dftmethod == "a11°, "clr', dfimethod)
dfdmethod =-
factori{dfimethod,

Levels = cf'edgeR", "DESeqg2", "clr", "iglr®, "malr", "1il", "iiG"}}
dfgmc =- unlist(Lapply({strsplitidfef, "-"}, functioni{x) =x[3]))
dfgdata =- unlist{lapplyistrsplit{dfefile, " "), functioni=} =[2]}]
dffprocess =- unlisti{lapplyistrsplit(dfgfile, " [fout)"), function{x) =[3])})
df =- df[dfgm I= "we.iBH" & dfémc |= 8 & dfffilter == "nofilter",]

1
1

jpegl” home/thon/Dropbox/Rfprojecte/manuscripts/benchmarky 2-fdrfsup4. jpg",
width = 168, height = 18, units = "in", res = GOG)
Library({ggplot2)
goploti{df[dfetdata == "1v",], aes({x = nethod, ¥ = fdr, color = method)) +
geom boxplot() +
facet gridiN = process) + theme bw() +
wlab{"Differential Expression (DE) Method") +
ylab{"False Discovery Ratewn{for 5 sinulations}"} +
Labsicolor = "0E Method") +
scale colour brewer{palette = "Set1") +
ggtitle("False Dizcovery Rates for DE Method (Low Wariance Datal") +
geom_hline(yintercept = .B5) +
themelaxis . text.x = elenent text{angle = 96, hjust = 1))
dev.aff(})

jpegl” homesthon/Dropbox/Rfprojecte/manuscripte/benchmarky 2-fdrfsup5. jpg",
width = 18, height = 16, units = "in", res = GAG)
Library({ggplot2)
goplotidf[dfédata == "hv",], aes(x = nethod, y = fdr, colar = methaod)) +
geom boxplot() +
facet grid(N = process) + theme bwi() +
xlab{"Differential Expression (DE) HWethod") +
ylab{"False Discowery Rate\n({for 5 sinulations)") +
Labeicolor = "0E Method") +
scale colour brewer{palette = "S=tl1°) +
ggtitle("False Diszcovery Rates for DE Method (High Variance Datal") +
geam_hline(yintercept = .65} +
themelaxzis . text.x = elenent text{angle = 98, hjust = 1}]
dev.aff(l



setwd("/homethom/Dropbox/RSprojectsmanuscripts /benchmark /3 -williams/ ")
files =- list.files{pattern = "bench.*csv")

T =- lapplyi{files, read.cswv)

will =- do.call{"rbind", f)

will =- will[, -1]

colnames (will)[1:3] == c{"InputFile", "DEmethad", "Type"}
write.cswlas.natrix{will}), file = "will-clean.csv'")

# Recreate figure from Williams et al.
# -- [, (3, 41] is gene-wise R/P; [, (T, B)] is tx-wise R/P
File == "fhome/thom/DropboxsRfprojects/manuscripts/benchnark,/3-
williams /12850 2016 1457 HWOESME ESM.xlsa"
measures =- lapply{ci{3, 4, 7, 8}, function{x) readxzl::read excel({file, sheet = x}]
fig.data =- plyr::rbind.fill{
chind{"type" = "gene", nergei{measures[[1]], mneasures[[
chind{ "type" = "tx", merge{measures[[3]], neasures[[4]
)

colnames (fig.data) =- gsubf"ws", "", colnames{fig.data)}

2111},
11)

fig.data =- fig.datal, c{"type", "DE", "AveragePrecision®, "AwerageRecall")]
fig.datadProcess =- "Data from “rWillians et al.wn(2817)°

fig.datadalpha =- .9

fig.data4DE =- "Data from SrWilliams et al..\n(2017)°

new =- read.csv(" Shone/thom/Dropbox/Riprajects/manuscripts fbenchmarks/3 -williams/
will-clean.csv",
stringsAsFactors = FALSE)
newtProcess <- sapplyi{newdInputFile, function{x) strspliti=, split = "/ |-")[[1]]
[311)
newtProcescs[newdProcess == "starsl"] =- "ctcl
newtProcess[newdProcess == "slQuasi"] =- "s10UAST"
fig.new =- new[, c{"Type", "DEmethod", "AveragePrecision®, "AwerageRecall",
"Process")]
fig.newfalpha =- 1
colnames (fig.new) =- colnames({fig.datal
fig =- rbindi{fig.data, fig.new]
FigeDE =-
factori{figtlE,
levels = cf "edgeR", "DESeq2", "clr", "iglr®, "malr", "iil",
"Data from SYrwWillians et al.wn{2817°))
figttype =- ifelse(figttype == "tx", "Transcript-level", "Gene-level®)
fig&Process =-
factor{fig&Process,
Levels = c{"s1FMD", "sLQUASI®, "=t=1", "stst",
"Data from ‘\rWillians et al.\n(2017)°})

jpegl” s homesthon/Dropbox /RS projects/manuscripts/benchmarky 3-wil Liams/fig4.jpg",
width = 168, height = 16, unite = "in", res = GAG)
Library({oggplot2)
gogplotidata = fig, aes(x = AwerageRecall, y = AveragePrecision)) +
facet grid(type = .) +
geom point{aes{color = DE, alpha = alpha, shape = Process), size = 3) +
#limiG, 1) + ylim{&, .5} +
theme bwi)] +
#lab{"Recall {(Average Across Microarray References)") +
ylab{"Precizion (Awerage Across Microarray References)") +
scale alpha continuous (guide = FALSE) +
Labs{color = "0E Method®,
shape = "Process Method") +
scale colour brewer{palette = "S=t1°) +
ggtitle("Differential Expression Performance using & Microarray Reference®)
dev.aff(l



setwd("/home/thom/Dropbox/RSprojects manuscripts,/ ")

FEFATFATTETE
# funcs
FERRARER Y

edgeR . williams =- function{expMat, group, method){
Library{edgeR)
ye-0GEList {counts=expMat, group=group]
y=-calcNormFactors iy
# Filter for counts present in half the samples, on cpn data
cutoffe-ncol{expMat) 2
keep =- rowSuns{cpmni{y)=1) == cutoff
y == ylkeep, , keep.lib.sizes=FALSE]
## Pecalculate norm factors after filtering
ye-calclormFactors (y)
ye-gestimateConmonbispiy)
y=-estimateTagwiselicp(y)
et=-exactTest (y)
adjp=-topTags (et,n=nrowiyl]
returniadjpl

1

# NOTE: differs from other ALDExZ2 .williams function in that effect = TRUE!!

ALDE®2 .willians =- functioni{ct, group, nethod){
ctlct == O] =- 1
ct =- ceilingf{as.data.frame(ct))
ifimethod == "iil"j{
tt «- ALDEx2::aldex(ct, group, denom = "iglr", test = "t", nc.
effect = TRUE)
for{i in 1:1)}{
nanbE.i =- whichirownames{ct) %in% rownanesi{tt[ttfwi.eBH =
tt «- ALDEx?2::aldex(ct, group, denom = nonDE.i, test = "t°,
128, effect = TRUE)
1
}else ifimethod == "1i5°){
tt «- ALDEx2::aldex(ct, group, denom = "iglr", test = "t", nc.
effect = TRUE)
for{i in 1:5){
nanbE.i =- whichirownames{ct) %in% rownanesi{tt[ttfwi.eBH =
tt «- ALDEx?2::aldex(ct, group, denom = nonDE.i, test = "t°,
128, effect = TRUE)
1
}else]
tt «- ALDEx2::aldex(ct, group, denon = method, test = "t", nc.
effect = TRUE)
}
# Use wi.eBH column for FOR
#ALDEx2: :aldex.plot(tt, type = "M&", cutoff = .G5)
colnames{tt)[colnanes{tt) == "wi.eBH"] =- "FOR"
returnitt])
1

FREAFEFFEFE
# import
FEFAFETTEFE

ct.fmd - read.csv({"benchmark/4-rollinsf/ctslFMD counts.csv"®,
row. names = 1}

ct.guasi =- read.csw|"benchmark/4-rollins/ctslQUAST counts.csw",
row.names = 1}

ct.stsl =- read.csvl "benchmark/4-rollinsfctsts1l counts.csv"®,
row. names = 1)

ct.groups <- read.csw{"benchmark,/4-rollins/ct groups.csv®,

stringséAsFactors = FALSE)

# Remowve features with ALL Bs
allls =- rowSumsi{ct.fmd) == 0O |
rowsums{ct.guasi) == 6 |

sanples = 128,

A5, 11

mc. samples =

sanples = 128,

A5, 11

mc. samples =

sanples = 128,



rowsums{ct.stsl) == @

# Check that sample name:z are consistent
data.frane|

colnames{ct.fnd},

colpames{ct.quasi),

colnames{ct.stsl),

ct.groups[,1]
)

FEFATFATTETE
# DE runs
FERRARER Y

Library({yuck})
res = for{counts in Listi{ct.fmd, ct.guasi, ct.stsl))
append {
list{edgeR.williams{counts[!allls,], ct.groupsfcaneToad.groups)),
lapplyfc("clr", "iglr®, "iil"}, functioni{method){
ALOEx2 williams{counts[!lalllds,], ct.groupsfcaneToad.groups, method)

h
)

savel{res, file = "benchmark/4-rollins/figk-backup. RData")

FREFAFEITETT
# overlap
FREFSFEFEETE

Library({yuck})
DE := foriresult in res]
Listi
"edgeR" = rownames (result[[1]1]$table)[result[[1]]$tabledFOR < (65],
"elr® = rownames (result[[2]])[result[[2] 1§FDR = .65],
"iglr" = rownames{result[[3]1])[result[[3]1]13F0OR = .G5],
"1i1" = rownames (result[[4]]i[result[[4]]13FOR = .65]
1

Library({¥ennerable]
Library{grid}
jpeal"benchmark4-rollinefigka. jpg", width = 9, height = 3, units = "in", reg =
BEE)
gridExtra::grid.arrange(

grid::grid.grabExpri

plotiVenn(DE[[1]]), doweights = FALSE, type = "ellipzez"}

1, top=textGrob("Gene Overlap Diagram for Cane Toad Transcripts Aligned by the
sLFMD Method", gp = gpari{fontsize = 1G]}
dev.aff{})

jpeagl"benchmark/4-rallins/figkb. jpg", width = 9, height = 3, units = "in", res =
GEE)
gridExtra::grid.arrange(

grid::grid.grabE=pri

plot{venniDE[[2]]), doweights = FALSE, type = "ellipses"}

1, top=textGrob("Gene Overlap Diagram for Cane Toad Transcripts Aligned by the
s1OUAST Hethod", gp = gpar{fontsize = 16})}
dev.aff{l

jpegl"benchmark/4-rallins/figkc. jpg", width = 9, height = 3, units = "in", res =
BEE)
gridExtra::grid.arrange(

grid::grid.grabExpri

plot{venniDE[[3]]), doweights = FALSE, type = "ellipses"}

}, top=textlGrob{"Gene Overlap Diagram for Cane Toad Transcripts Aligned by the
stsl Methad", gp = gparifontsize = 1E)))
dev.aff(l

# Use ImageMagick to merge
system({"convert -append benchmark/4-rollins/figba. jpg benchmark/4-rellins/



figkb. jpg benchmarks/4-rollins/figbc.jpg benchmarks4-rollins/figh. jpg")

FREEFAREEFE
# FC plot
FEFEFART SRS

# Differences between edgeR and ALDExZ2 precision not easily explained by log-fold
change
ES := foriresult in res)
Listi
"edgeR" = result

[ lstableslogFClresult[[1]]13tablesFOR = .65],
"clr® = result[[2

[

4

11

13diff. btwlresult [[2]1$FDR = .G5],
115diff. btwlresult[[3]1]5FDR = .65],
13diff.btwlresult[[4]]15FDR = . G5]

"iglr" = result[
"1il" = result[[

)

names{ES) =- c{"s1FMD", "sLOUASI", "=sts1")
ESout = for{es im c{"sLFHD", "sL1OUASL", "sts1"))
for{i in c{'edgeR", "clr", "iglr", "iil"}]}
data. framef "proceszs" = ez, "nethod" = i, "FC" = ES[[es]1L[il1l}

[
]
3
]

Library{ggplot)
df =- do.call("rbind", ESout)
df§FC =- abs(df3FC)
g =- ggplot(df, aes{x = method, y = FC, col = methad)) + facet grid{. - process) +
geom wiolini) + geom boxplot{width = .15) + scale colour brewer{palette = "Setl")
+
ylabi{"Mean (edgeR) or Median (ALDEx2)'nBetween-Group Differencez"} +
theme bwi) + =labi"Differential Expression (DE) Method®) + Labs{cel = "DE
Method") +
ggtitle("Absolute Between-Group Differences for DE Transcripts (Cane Toad Data)")

jpeal"benchmark4-rollinefig7 . jpg", width = 18, height = 1@, units = "in", res =
GEG)

plotig)

dev.affi})



setwd("/home/thom/Dropbox/RSprojects manuscripts,/ ")

FREEFAREEFE
# import
FEFEFART SRS

load{"benchmark/4-rallins/figbk-backup.RData"})

ct.fmd €= read.csvi{"benchmark/4-rollins/ctsLFMD counts.csw®,
row. nanes = 1}
ct.guasi =- read.csv(|"benchmnark/4-rollins/cts1lQUAST counts.csw",
row.names = 1}
ct.stsl == read.cswi "benchmark/4-rollins/ctsts1l counts.csw®,
row. names = 1}

counts =- list{ct.fmd, ct.quasi, ct.stsl)
names =- List{"sLFMD", "s1lQU&SI", "stsl"}

Library({yuck})
DE := for{result in res)
list(
"edgeR" = rownames{result[[
"clr® = rownames{result[[Z]
"iglr" = rownames{result[[3
"1il" = rownames {result[[4]

)

FRTEFAFERTE
# failed recall data
TETEFATTRTE

I1§table)[result[[1]] $tablefFOR = .65],
J[result[[2]1]14FDR = .065],

Iilresult[[2]19FDR = .05],
]

1
]
]
Ii[result[[4]114FDR = .85]

Found. ALDExZ2any = for({d in DE) unionfunion{d[[2]1], dI
found.edgeRonly = for(i in 1:length(DE}) =etdiff(DE[]

[[i11}

[2110, dl[411)
i110011], Ffound.ALDEx2any
est =- functioni=) mean{x)
est,  ALDEx2any = for(i im 1:length(counts))
data.frame( " name" = names[[i]], "type" = "ALDE=2",
"value" = applyf{counts[[i]][found. ALDEx2any[[i]].,]1, 1, est))
est.edgefonly = fori{i inm 1:length{counts))
data.frame("name" = names[[1i]], "type" = "edogeR anly",
"walue" = applyf{counts[[i]][found.edgeRonly[[i]].,]1, 1, est}}

df «- rbind{do.call{rbind, est.ALDEx2any), do.calli{rbind, est.edgeRonly})
dfgdtype =- factor(as.character({dfitypel. lewvels = c{"edgel anly", "ALDE=2"})

wilcox.testivalue = type, df]

FEFAFEITESE
# failed recall plot
FRFSFEIFETE

base breaks =- functionin = 16){
functioni{=) {
axisTicksi{loglB@{rangeix, na.rm = TRUE}), Log = TRUE, n = n]
}
}

jpegl"benchmark/4-rallins/figl.jpg", width = 18, height = 18, units = "in", res =
BEE)
Library({oggplot2)
Library({scales)
goplot{df, aes{x = type, y = walue, col = typel) + facet gridi. = name) +

geom wiolin{} + geom boxplot{width = .15} + scale colour brewer{palette = "Setl"}
+

scale y continuousi{trans = "Lagle"”, breaks = base breaksi()) +

ylab{"Average Abundances for DE Transcripts'\ni{counts per sample)}"} +

theme bwi) + =labi"Differential Expression (DE) Method®") + Labs{ceol = "[E
Method") +



ggtitle("Average Abundances for DE Transcripts Called by edgeR Only (Cane Toad
Data)")
dewv.aff(})



